complaint (11 *3%). Chronic bronchitics grade 2 (CB 2) had the additional impairment of increased cough and phlegm and/or chest illness (8 1%). Grade 3 (CB 3) complained of dyspnoea with or without increased cough and phlegm (2*5%). Grade 4 (CB 4) had both dyspnoea and chest illness (3 2%/).
Lung function (FEV,) in three of the groups of chronic bronchitics (CB 1, CB 2, CB 3: 21 '9%) was no worse than in the two groups of nonbronchitics with complaints of other respiratory disorders (NB 1, NB 2: 28 6%). An overall comparison on a binary division between non-bronchitics and bronchitics hides the severity of some of the bronchitic groups. For this reason it is recommended that epidemiological studies of chronic bronchitis should separate the suggested grades of bronchitics (CB 1, 2, 3, and 4) and compare them with the ideal group of non-bronchitics (NB 0: 46 4%) which has the lowest prevalence of heart trouble and asthma and those who have had pneumonia.
INTRODUCrION
The Medical Research Council's Committee on the Aetiology of Chronic Bronchitis approved the use of a standard questionnaire in 1960 and this was slightly modified in 1966. So far the MRC has published two booklets giving instructions on the use of the questionnaire (1960, 1966) . Matters relating to observer variation, reproducibility, and standardization of the questionnaire have been reported in more than 30 publications. In a review article Stuart-Harris (1968) has listed about 400 research papers on chronic bronchitis published between 1951 and 1967. The questionnaire has been extensively used by research workers in Englishspeaking countries and it has been translated into more than 12 languages. The MRC has approved two types of questionnaire, short and long. In this paper attention is focussed on respiratory symptomatology as defined in the short questionnaire.
The diagnosis of chronic bronchitis is based on the response to the symptomatology part of the questionnaire (Table I) . Very broadly the questions are divided into three parts:
(1) on cough (Nos. 1, 3, 5) (2) on plegm (Nos. 6, 8, 10) (3) on complications arising from: (a) increased cough and phlegm (12a) (b) recent chest illness (21) (c) shortness of breath (14b). For purposes of standardization the MRC has recommended three grades of cough, based on the response to questions 1, 3, and 5 (Table I) . Quite independently of cough, three grades of phlegm are defined, based on the response to questions 6, 8, and 10. The recommended grades on the severity MRC (1960) Question No. of cough are mutually exclusive, and the classification of grade is based on defined sets of responses to the questions (Table IT) . On similar lines, three grades of phlegm are defined. But so far no attempt appears to have been made to grade the severity of chronic bronchitis into mutually exclusive groups using all the questions. Such gradings are necessary because the symptoms of chronic bronchitis and related disorders vary greatly in severity from an occasional cough with no expectoration to persistent and purulently productive cough with disabling breathlessness. Three overlapping categories of bronchitis proposed by different investigators are listed in the MRC booklet (persistent cough and phlegm, persistent cough and phlegm with recent chest illness, and the chronic bronchitis syndrome). . Much of the variation is probably explained by differences in urbanization and industrialization between the two regions of Wales. In Wales I the coal and the iron and steel industries are of major importance as sources of employment. But statistical analysis of occupational factors is complicated and difficult because of the interrelationship, among other known associated factors, of smoking habits, social class, age, years of exposure, the selective migration of physically unfit workers to less hazardous occupations, and the severity of chronic bronchitis. We have used the short respiratory symptom questionnaire on about 8,000 steel workers at Ebbw Vale and over 10,000 at Port Talbot in a survey of bronchitis in the steel industry. A full description of the methods by which the information was collected is given in an earlier paper (Lowe et al., 1968) . Here it is sufficient to mention that our questionnaire included information on variables such as age, marital status, size of family, area of residence, history of present and past occupations, history of diseases (asthma, pneumonia, heart trouble), smoking habits, and measurements of height, weight, and lung function.
As this paper is concerned with the methodology of defining mutually exclusive groups of bronchitics and non-bronchitics, all the available information (but excluding known pneumoconiotics) collected at the two steel works is used for our study. But for conciseness the complete results are presented for Port Talbot.
DESIRABLE CRITERIA OF MUTUALLY EXCLUSIVE GROUPS
The grading of bronchitis is based on the response to the set ofnine binary questions on respiratory symptoms (Table I) 3. that lung function measurements are also impaired in certain other respiratory diseases, such as asthma and heart trouble. Criterion 3 above implies that different disease conditions should be kept separate even though they may have identical degrees of impairment of lung function as measured by FEV1, FVC or FEV%. Table III gives the distribution of 24 mutually exclusive sets of responses to the symptomatology questionnaire of Table I in relation to 10,816 steel workers questioned and examined at Port Talbot. These groups are based on the combination of responses to questions on cough, phlegm, and complaints of dyspnoea, increased cough and phlegm, and chest illness. It is felt that any further subdivisions of the groups would impose unnecessary complications.
RESULTS
Group G1, consisting of 5,017 persons (46-4%), were symptom-free on each of the nine questions (NO to questions 1, 3, 5, 6, 8, 10 of Table I ) and group G2 (first entry under column 5), consisting of 1,320 persons (12 -2 %), complained of only occasional cough and/or phlegm. The remaining entries under columns 4 and 5 pertain to subgroups of other non-bronchitics with one or more additional complaints arising from dyspnoea, increased cough and phlegm, and chest illness.
Because of small relative frequencies (criterion 1) the subgroups consisting of 293 and 161 are combined to form a group G3.1 totalling 454 persons (4 2%) who are either symptom-free or had only occasional cough and/or phlegm but had a common complaint of increased cough and phlegm. Similarly, six other non-bronchitic groups are formed (G3.2-G4.4) by combining the horizontal entries under columns 4 and 5. Apart from small numbers, it is also felt that in the presence of other complaints (columns 1, 2, 3) there would be little difference between groups who are symptom-free (column 4) and those who have occasional cough and/or phlegm (column 5). Table IV gives the relative frequency distribution of the 17 subgroups of non-bronchitics and bronchitics derived from Table III. The Table also gives the percentages of other respiratory complaints within the group.
The results shown in Table IV increase with height. The usual method of adjustment for age and height is time consuming. It has been shown elsewhere (Khosla, 1971) G5 and G6.1; G6.2 and G6.3). In the presence of dyspnoea, however, the question on increased cough and phlegm appears to have some relevance (G4.1 and G4.2; G4.3 and G4.4; G7.1 and G7-2; G7.3 and G7.4). The points mentioned above show that some of the non-bronchitic groups have other complications, such as recent chest illness and/or dyspnoea, which may also impair their ventilatory function as measured by FEV1. The average ventilatory function of chronic bronchitics without other complications (G5 and G6.1) is no worse than some groups of nonbronchitics with recent chest illness or dyspnoea, and is indeed better than the three later subgroups of non-bronchitics.
The question of dyspnoea appears to be correlated with episodes of heart trouble (G4 and G7 in Table IV) . Although the lung function of subgroup G4.1 is nearer to G3.3 than to G4.2 (Fig. 1) , it is felt that in any combination of subgroups, G4.1 would identify itself with G4.2 as both of them have the common complaint of dyspnoea, and have similar prevalence of heart trouble (Table IV and criterion  3) . Many subgroups have to be combined because of the small relative frequency of occurrence (criterion 1).
DIscussIoN
Starting from 24 mutually exclusive sets of responses to the nine questions on respiratory symptoms in the MRC's short questionnaire on chronic bronchitis, it has been possible to recombine subgroups into meaningful combinations. Grade 2
Chronic-bronchitic derived from the 17 subgroups in Table III . These seven groups will now be referred to by the code names given to them in Table VII . Figure 2 gives the bar chart of FEV1 at standard height and age for the seven mutually exclusive groups of non-bronchitics and bronchitics. It should be recalled that these groupings are based on stated criteria of (1) small relative frequency, (2) lung function differences on FEV1 adjusted for age and height, and (3) the presence of other respiratory complications (unadjusted for age).
The adjusted values of FEV1 (at age 45 years and height 68 inches) varies from 2-49 litres chronic bronchitis grade 3 (CB4) to 3 * 54 litres non-bronchitic grade 0 (NB 0), a range of 1 05 litres. Figure 2 shows quite clearly three groups of bronchitis (CB 1, 2, and 3) who are no worse off than two groups of nonbronchitis (NB 1 and 2), and they consist of 33 5 % of the total number with complaints of other respiratory disorders.
An overall comparison on a binary division between non-bronchitics and bronchitics hides the severity of some of the bronchitic groups (Fig. 3) .
Studies on the aetiology of bronchitis should ideally compare the suggested grades of bronchitics with the ideal group NB 0. The ideal group has the lowest prevalence of heart trouble, asthma, and those who have had pneumonia, and consists of about 46% of the total. The most severe grade of chronic bronchitis (CB 4) has severe impairment of lung function, and about 10% of those in the grade have the associated complication of asthma or heart trouble and nearly a third have had pneumonia. But they constitute only 3 2% of the total population surveyed, a seriously limiting factor in small-scale investigations on the aetiology of chronic bronchitis. Furthermore, they are likely to be older and most of them are also likely to be smokers. These are additional limiting factors in a statistical analysis searching, for example, for the effect of occupational environments on the severity of chronic bronchitis.
It can be argued that the seven grades were arbitrarily formed with pre-knowledge for the selection criteria mentioned on page 157. These decisions on the groupings were made for the data collected at Port Talbot, and an independent assessment of these grades can be made with our other survey results at Ebbw Vale. Figure 4 gives the composite bar chart of FEV1 at the two works. Within each of the grades the ventilatory function at Ebbw Vale is consistently lower than that at Port Talbot. The trends of FEV1 by grades are remarkably similar at the two works. The use of these seven mutually exclusive grades based on the symptomatology questionnaire of the MRC appears sound, and it is suggested that these grades be used in epidemiological studies for purposes of international comparability and standardization. 
